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Robust integration and assembly technologies are critical for the successful 
implementation of advanced metallic, ceramic, carbon-carbon, and ceramic matrix 
composite components in a wide variety of aerospace, space exploration, and ground 
based systems. Typically, the operating temperature of these components varies from few 
hundred to few thousand Kelvin with different working times (few minutes to years). The 
wide ranging system performance requirements necessitate the use of different 
integration technologies which includes adhesive bonding, low temperature soldering, 
active metal brazing, diffusion bonding, ARCJoinT, and ultra high temperature joining 
technologies. In this presentation, a number of joining examples and test results will be 
provided related to the adhesive bonding and active metal brazing of titanium to C/C 
composites, diffusion bonding of silicon carbide to silicon carbide using titanium 
interlayer, titanium and hastelloy brazing to silicon carbide matrix composites, and 
ARCJoinT joining of SiC ceramics and SiC matrix composites. Various issues in the 
joining of metal-ceramic systems including thermal expansion mismatch and resulting 
residual stresses generated during joining will be discussed. In addition, joint design and 
testing issues for a wide variety of joints will be presented. 



Robust Joining and Integration Technologies for 
Advanced Metallic, Ceramic, and Composite Systems 
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Glenn Research Center at Lewis Field 


Need for Joining and Integration Technologies 
Technical Issues and Challenges 



.0 0 

£3 c 

£ 8 § 

c — ‘is 


0 

3 

2 

uj 


^ 0 

*2 - 
(0 cc 
C ■*= 

.1 8 Ta 
8 § 

i: 5 -S 
■S 0 0 

O -C 0 
■3 K K 


</> 

<D 

+■» 

'55 

o 

Q. 

E 

o 

o 


O (o 


</> 


2, 

0 "co o 
^ c 


a> 


* 
0 

JO "S 

O) 3 OQ 


C 

<0 

O) 


C '•= 

o 

N 3 

£ 4 b 


co 

o 


CD 


s § 

p -c 
b o 


2 || 
a> < ^ 


a> 

> 

■ 

o 

< 


o 

■ 

E 

0 

o 

o 


I E 


c 

CO 

.N 

2 

o 

2 

CO 

■c 

O 

"co 

o 


c 

£ 2 
* 3 | 

iZ o s 
0 P ^ 
o 45 -g 

O) s; — . 


- .E -2 -2 


=5 ^ 


o 

c c ^ 
•S a) 

32 


o 

CD 

c 

o 

'55 

3 


2 o 


o 

■ 

E 

0 

L- 

0 

o 

■ 

o 

■ 

E 

0 

L- 

0 

o 


£ 

■ 

o 

o 
ct 
< 
o )2 

.E '55 
0 o 
3 a. 

a) E 
c o 

■E 9 
0 


0 


$> 0 
£ g 

«E 
0 o 
c :o 


■2 

2, 

0 

c 

3 

o 

€ 


0 

O 

c 


0 0 
S 2 


*0 

c 


s: 

€ 


0 0) 

a. 


(/) 3 

: hx 


O 

£ 

0 

s 

o 


0 

o 


c 
0 
■c 
o 
0 

§ i 

! I 
S b 
o -c 


ss SK .2 


0 

£ 

O 

'55 

_3 

O 

£ 

O 

o 

■O 

£ 

0 


0 0 
M £ 
a. E 

Q. 3 
< (/) 


Glenn Research Center at Lewis Field 


Need for Joining and Integration Technologies 
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The development of robust joining and assembly capability will allow 
the application of advanced ceramics and composites technology in a 
timely manner. 
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Practical, reliable, and affordable technique adaptable to in- 
field installation, service, and repair. 


Robust Joining and Attachment Technologies 
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Opportunities to Utilize Building-Block Approach 
to Design and Manufacturing of Large Ceramic and Composite Structures 






0 0 
s O 


(D -D 

IS 



Glenn Research Center at Lewis Field 


Bonding of Metals to Ceramics and Composites 

Using Metallic Interlayers 








Glenn Research Center at Lewis Field 
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Glenn Research Center at Lewis Field 


Nuclear Electric Propulsion Technologies are 
Critical for Space Exploration Missions 

Power Management Heat Rejection 
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Electric Propulsion 
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Joining and Assembly Needs in Heat Rejection System 
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Glenn Research Center at Lewis Field 



Brazed and Adhesive Bonded Sub-elements for 

Heat Rejection System 



Glenn Research Center at Lewis Field 


Thermal Expansion Mismatch Issues are Critical in 
Brazing of Metal-Composite System 
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Glenn Research Center at Lewis Field 
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Glenn Research Center at Lewis Field 


Microstructure of Brazed Ti and C-C Composites 
using TiCuSil and CuSil ABA Paste 



Ii TiCnSil 

Glenn Research Center at Lewis Field 


Microstructure of Joint Interface in Ti and C-C 
Composites Brazed using CuSin ABA Foil 
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Mechanical Testing of Brazed/Soldered Joints 



Factors to consider: 

-Braze composition, Processing variables 
-Bonded area, Location of failure 
-Architecture effects 


Tube Tensile Test Data for Brazed Joints 
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Glenn Research Center at Lewis Field 


Failure Behavior of Ti Tube - C/C Composite Joints 
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Glenn Research Center at Lewis Field 
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Glenn Research Center at Lewis Field 



Thermally-Induced Cracking in C/C Controls 
Shear Strength of Brazed Joints 

For braze materials where there was strong bonding between the braze and the 

C/C and failure occurred in the outer-ply of the C/C 
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TiCuSil 
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Glenn Research Center at Lewis Field 



Active Metal Brazing of 
C/C Face Sheet/Poco Foam/Titanium System 
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Key factor: Bonded area dictated by braze composition and applied pressure, 
C/C constituent composition, fiber orientation, geometry of joined surface 
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Multi-Point Lean Direct Injector 
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Lean Direct Injector Fabricated by Laminates 
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- Passages of any shape can be created to allow for multiple fuel circuits 

- Provides thermal protection of the fuel to prevent choking 

- Low cost fabrication of modules with complicated internal geometries through chemical 

etching 

Glenn Research Center at Lewis Field 






Microprobe of a-SiC Reaction Bonded Using Ti Foil 
Conditions: 1250 °C, 24 MPa, 2 hr, vacuum, 5 C/min 
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Microprobe of CVD SiC Reaction Bonded Using PVD Ti 
Conditions: 1250 °C, 31 MPa, 2 hr, vacuum, 5 °C/min 
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Initial Strength Tests on Diffusion Bonded 
CVD SiC with a PVD Ti Interlayer 
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Joining of Ceramic Components Using 
Affordable, Robust Ceramic Joining Technology 

(ARCJoinT) 
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ARCJoinT is Currently Being Used to Join and Repair 
a Wide Variety of Ceramic and Composite Materials 


co 




-* -» 
1 = 
<D 

o 

_c 

o 

03 
0 
( / ) 
0 
DC 

c 

c 

0 

O 


Composites with Different Fiber Architectures and Shapes 
Ceramics with Different Shapes and Sizes 



Technical Challenges in Design and Selection 
of Joints in Advanced Ceramics and Composites 
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Technical Challenges in Joining of 
Ceramic Matrix Composites 



0 ) 


CD 

O 


0 

O 


m 

'</) 

0 

0 

•a 

■ 

> 

0 

L_ 

Q. 

0 

0 
" o 
0 ^ 

1 a 

! S 

■E o 

o 2 

E ° 

0 ~o 

s § 

O £ 

o .O) 

to 

!« 

.= +-> 

^ £ 


■S> 

to 

Q> 

o ■= 
E 

.2 2 

Q 

0 <0 

c 

0 0 
• ? 

■ 

o 

.£ 0 
o) = 
~ 0 


I ^ 

• 

■ o 


= 0 
c 
o 

0 


0 

0 

* 4 -> 

0 

0 

0 

0 

S_ 

0 

4— 

o 

O) 


0 

0 

*- 

0 

■O 


(0 

Q) 

3 

(0 

*> 

£ 

<2 

Q> 

a: 

-2 

-2 

<8 


a) s_ 2 

c 0 £ 

'= c % 

0 C O 

0 £ t 
£00 

o>“ °- 


c 2 -a 


0 

> 

n 


>>Z * 

O 0 

to o> .2 

o 0 r 

5 C 0 
n ® a 
U Q. O 
*Jr X ^ 
0 ( 1 ) 0 . 

0 0 

.2 ^ .E 

t: r . 2 , 
S. ro ® 

o-a 15 
£.J? .2 
0 “ 


0 

0 

£ 

0 


a 
a £ 

£ O 

O ° 
o 0 

0 O 0 
£ 0 
: 42 
® 

■£ re .£ 

o t ^ 
_ 0 0 
£ 0 
.2 S § 

0 x ■ 
N ■= 8 

.1 It 

+- C d) 

. Q. 

°ss 

1 y= a. 


0 


0 

o 

o 

■ 

E 

■o 


0 

C £ 

■2 t 

0 c 
2 0 


£ -a to 

w 0 0 

£ "O "O 

O £ -q 
5 «J c 
0 O) «J 
O £ Q) 

|1 .E 

° ° 2 

o QQ ® 


0 

0 

'Z 

0 

0 

E 

+■» 

£ 

■ 

O 

O 

■ H 

E 

0 

i_ 

0 

O 

0 


■O 

o 

E 

o 

'<? 

0 

0 

0 

) 


to 

c: 

0 

*43 

tfc 

1 

o 

£ 

m 

% 

O) 

.£ 

to 

i 2 

q> 

S 


£ 


c n 
a) 
DC 

c 

c 

a) 

O 


- Time dependent thermomechanical properties of joints. 

- Environmental effects on joint properties. 


Microstructure of As-Fabricated Joints in 
Monolithic SiC Ceramics 



African Bubinga 


TEM Analysis of Reaction Formed Joints 
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Fracture Strength Distribution of Joined SiC 
(Hexoloy-SA) at Different Temperatures 
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Flexural Strengths of Joined CVD SiC Ceramics 
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Effect of Surface Roughness on the 
Shear Strength of Joined CVI C/SiC Composites 
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Specimen Geometry and Test Fixture Used for 
Compression Double-Notched Shear Tests 
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Typical Stress-Strain Behavior Obtained During the 
Compression Double-Notched Shear Tests 
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Compression Double Notch Shear Strength of 
Joined CVI SiC Composites at Different Temperatures 
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Shear strength of joints increases with temperature and is higher than the CVI 
SiC composite substrate. 

No apparent influence of surface condition on the shear strength of joints. 


Examples of Components Joined Using ARCJoinT 
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